investigate the dynamic causal links between per capita renewable energy consumption, agricultural value added (AVA), carbon dioxide (CO 2 ) emissions, and real gross domestic product (GDP) for a panel of five North Africa countries spanning the period 1980-2011. In the short-run, the Granger causality tests show the existence of a bidirectional causality between CO 2 emissions and agriculture, a unidirectional causality running from agriculture to GDP, a unidirectional causality running from GDP to renewable energy consumption, and a unidirectional causality running from renewable energy consumption to agriculture. In the long-run, there is bidirectional causality between agriculture and CO 2 emissions, a unidirectional causality running from renewable energy to both agriculture and emissions, and a unidirectional causality running from output to both agriculture and emissions. Long-run parameter estimates show that an increase in GDP and in renewable energy consumption increase CO 2 emissions, whereas an increase in agricultural value added reduces CO 2 emissions. As policy recommendation, North African authorities should encourage renewable energy consumption, and especially clean renewable energy such as solar or wind, as this improves agricultural production and help to combat global warming.
Introduction
During several decades, developed and developing countries have used fossil energy intensively for growth purposes in the various economic sectors such as manufacturing industry, tourism, transport, and agriculture. This led to important carbon dioxide (CO 2 ) emissions in almost all the world regions. The agricultural sector contributes between 14 and 30% of the world greenhouse gas (GHG) emissions because of its heavy fossil energy use.
Indeed, running fuel-powered farm equipment, pumping water for irrigation, raising dense populations of livestock in indoor facilities, and applying nitrogen-rich fertilizers all contribute to agriculture's high GHG. However, the United Nations food and agriculture organization (FAO) believes that the agricultural sector has a substantial potential to decrease its emissions, including removing 80 to 88% of the CO 2 emissions that it currently produces (Reynolds and Wenzlau, 2012) . Indeed, many agricultural activities, such as irrigation, could be powered by renewable energy sources.
There are a number of commercial renewable technologies that could be used in agriculture. These technologies are at different points in their technology advance because some are commercially obtainable and others have a potential in the future. For the agricultural sector, renewable technologies could economically provide several advantages.
Indeed, the operations related to the livestock and dairy require air and water heating because commercial dairy farms use a large quantities of water heating for cleaning machines and associated materials. The system of solar water heating can be used for all farming processes especially for dairy farmhouse. Besides, there are some other solar systems used for drying the crops. Small wind system is another source of energy that can serve agriculture to pump water or grind grain. Moreover, there are many agricultural advantages with geothermal energy. Indeed, vegetables, flowers, ornamentals, and tree seedlings are raised in 43 greenhouse operations heated by geothermal energy. Agri-industrial applications comprise food dehydration, grain drying, and mushroom culture (Fischer et al., 2006) .
The North Africa region is facing an important increasing energy demand between 6% and 8% per year and fossil fuels dominate the energy mix with a greater share for natural gas (United Nations Economic Commission for Africa, 2012) . Because of the high volatility of oil and gas prices, North Africa countries are reviewing their energy policies by diversifying their energy mix and giving greater importance to energy efficiency and renewable energies. The potential for energy efficiency and renewable energy in this region is still largely underexploited. Indeed, there is real energy efficiency potential as a 10% gain in this region's energy consumption could be made by 2030 via improved energy efficiency measures.
Renewable energies' contribution to the energy mix is still weak since it represented only 8% in 2006, while the contributions of gas, oil and coil are 67%, 19% and 6%, respectively. Many reforms concerning the regulatory frameworks have been made in order to encourage more participation by the private sector in renewable energy production. In addition, these countries have elaborated ambitious strategic objectives and launched large-scale integrated programs with the main objectives of GHG emissions, creation of direct and indirect jobs, industrial development and human capital improvement. Current initiatives such as the Mediterranean solar plan (MSP) or the agreements signed between the European Union (EU) and some North Africa countries are expected to improve technical and financial cooperation and expand renewable energies' regional markets.
In the present paper, we investigate the dynamic causal links between per capita renewable energy consumption, agricultural value added, CO 2 emissions, and real GDP for a panel of five North Africa countries spanning the period 1980-2011. We also evaluate the long-run impact of renewable energy consumption, agricultural value added, and economic growth on CO 2 emissions. The present paper differs from that of Ben Jebli and Ben Youssef (2015b) mainly by the fact that we consider a panel of countries and we use panel cointegration techniques.
This paper is organized as follows: Section 2 is a literature review. Section 3 presents the data and some descriptive statistics and Section 4 reports the empirical results and their discussion. Finally, Section 5 concludes with policy recommendation.
Literature review
There are a several strategic factors explaining the evolution of carbon dioxide emissions such as economic growth, energy consumption, renewable energy consumption, international trade, tourism, and urbanization. Many econometric studies have investigated the causal relationships of CO 2 emissions and concluded various recommendations related to the progression of pollution in developed and developing countries (e.g. Ang, 2007; Apergis and Ozturk, 2015; Ben Jebli and Ben Youssef, 2015a; Ben Jebli et al., 2015; Chebbi, 2010b; Chebbi et al., 2011; Fodha and Zaghdoud, 2010; Halicioglu, 2009; Sadorsky, 2009; Shahbaz et al., 2014) . Among these studies, certain variables affect CO 2 emissions positively and lead to their increase, whereas other variables contribute to CO 2 emissions reduction, depending on the integrated variables, selected time period and empirical methodology. Halicioglu (2009) uses the ARDL approach and cointegration techniques to investigate the dynamic causal links between CO 2 emissions, energy consumption, output, and foreign trade in the case of Turkey.
The results reveal the existence of two forms of long-run relationships between the variables.
The first form suggests that CO 2 emissions are determined by energy consumption, income and foreign trade. The second form suggests that income is determined by CO 2 emissions, energy consumption and foreign trade. Sadorsky (2009) 
uses panel cointegration techniques
to estimate an empirical model of renewable energy consumption for the G7 countries. The empirical results show that in the long-run real GDP and CO 2 emissions are both two major drivers behind renewable energy consumption. For the case of Tunisia, Chebbi (2010b) provides some insights into the relationships between energy consumption, carbon emissions and the sector components of output growth (agriculture, industry and services). The results of the long-run estimates reveal the existence of bidirectional causality between energy consumption and output growth, and between energy consumption and CO 2 emissions.
However, the short-run results suggest that the interaction between GDP and energy consumption and between GDP and CO 2 emissions are not uniform across sectors. Shahbaz et al. (2014) examine the validity of the EKC hypothesis and investigate the causal links between CO 2 emissions, GDP, energy consumption, and trade openness for the case of Tunisia. The results reveal that the inversed U-shaped EKC is supported and that a long-run cointegration between variables is established. Using the autoregressive distributed lag (ARDL) approach and Granger causality tests, Ben Jebli and Ben Youssef (2015a) examine the dynamic causal links between per capita CO 2 emissions, real GDP, square of real GDP, renewable and non-renewable energy consumption and trade (exports or imports) for the case of Tunisia in two specification models. They show that non-renewable energy consumption and trade affect positively emissions while renewable energy consumption affects negatively and weakly the emissions of CO 2 . Besides, these authors suggest that the inversed U-shaped environmental Kuznets curve (EKC) hypothesis has not been supported. Apergis and Ozturk (2015) use the GMM methodology to study the EKC hypothesis for a panel of 14 Asian countries. Their multivariate framework comprises carbon dioxide emissions, economic growth, population density, land, industry shares in growth, and four indicators indicating institutions' quality. Their results validate the inverted U-shaped EKC hypothesis.
Our study is concerned by the relationship between energy consumption and agriculture. Karkacier et al. (2006) investigate the energy use effects on agricultural productivity in Turkey. Strong relationship between energy use and agricultural productivity is proved and increasing energy use increases agricultural productivity. Politicians support to the use of energy in the agricultural sector is recommended and a per hectare fuel subsidy is proposed. consumption (diesel, electricity), agricultural output, and energy prices in Turkey. A unidirectional causality running from diesel and electricity consumption to agricultural output is found. Increasing agricultural GDP increases the consumption of diesel and electricity in the long-run. These authors recommend continuing the support for energy use in Turkish agriculture in order to increase international market competitiveness, and balance the income of farmers. Mushtaq et al. (2007) investigate the causal relationships between per capita agricultural energy consumption (oil, electricity, and gas), real agricultural output, and energy prices for Pakistan. A unidirectional causality running from agricultural output to oil consumption and from electricity consumption to agricultural output is proved. These authors recommend that governments should improve the infrastructure and subsidize rural and agricultural electricity in order to significantly enhance agricultural output. The causal relationships between agricultural output, energy consumption (oil, electricity), and trade openness in Tunisia is investigated by Sebri and Abid (2012) . They show the existence of short and long-run unidirectional causality running from the total energy consumed and from the oil energy consumed to agricultural output. A long-run unidirectional causality running from agricultural output to oil consumption is also found. They conclude that energy can be considered as a limiting factor to agriculture and that shocks to energy supply should be handled carefully.
To our knowledge, the first econometric study dealing with renewable energy and agriculture is Ben Jebli and Ben Youssef (2015b). These authors investigate short and longrun relationships between per capita CO 2 emissions, GDP, renewable and non-renewable energy consumption, trade openness and agricultural value added (AVA) in Tunisia. Their short-run Granger causality tests show the existence of bidirectional causalities between AVA and CO 2 emissions, and between AVA and trade openness. In addition, there are long-run bidirectional causalities between all considered variables. Long-run estimates highlight that non-renewable energy, trade and AVA increase CO 2 emissions, whereas renewable energy consumption reduces CO 2 emissions. They recommend that subsidizing renewable energy use in the agricultural sector helps it to become more competitive on the international markets while polluting less. The present paper differs from that of Ben Jebli and Ben Youssef (2015b) mainly by the fact that we consider a panel of countries and we use panel cointegration techniques. years. Sudan has realized a significant increase during the last three years, while Morocco has experienced a small drop in 2011. In Tunisia, the level of renewable energy consumption is relatively low and has also realized some drops in 1986, 1989, and 2008 . Figure 4 reports the evolution of per capita agricultural value added (in constant US dollars) for each country over the selected period of time. These preliminary statistics show that, only in Algeria and Egypt, the growth level of agriculture is encouraging and is characterized by a stable long-run tendency. Agricultural value added changes in Tunisia and Morocco reveal somewhat disturbances during the selected period, while overall there is a significant increasing tendency. Serious disturbances are observed for the case of Sudan due to the drop in agricultural growth realized since 1998.
Data and descriptive statistics

Empirical results
We consider the following log-linear equation exploring the long-run relationship between analysis variables: 
Stationary tests
Insert
Cointegration tests
The existence of long-run relationship between variables is established using the seven cointegration tests proposed by Pedroni (2001 Pedroni ( , 2004 . These tests are divided in two sets. The first set contains four panel statistics (v-statistic, rho-statistic, PP-statistic and ADF-statistic) and assumes common autoregressive coefficients (within-dimension). The second set contains three group statistics (rho-statistic, PP-statistic and ADF-statistic) and assumes individual autoregressive coefficients (between-dimension). For all these tests, the null hypothesis assumes no cointegration among analysis variables, while the alternative hypothesis suggests that variables are cointegrated. All statistic tests have been applied for the case of intercept and deterministic trend. Deviations from the long-run equilibrium relationship are represented by the estimated residuals it ε . The null hypothesis of no cointegration (
the following unit root test on the residuals:
Insert Table 2 Here Table 2 reports the results of Pedroni cointegration tests and indicates that there is a longrun relationship between per capita CO 2 emissions, GDP, renewable energy, and agriculture.
Indeed, three statistics among four for the within dimension reject the null of no cointegration and accept the alternative of cointegration between variables. For the between dimension, the group statistics suggest that two statistics among three reject the null of no cointegration and accept the alternative hypothesis confirming the existence of long-run association between variables. Thus, there is five statistics among seven that approve the long-run cointegration when per capita CO 2 emissions is the dependent variable.
Granger causality
The pairwise Granger causality test and the vector error correction model (VECM) are used to check for the short and long-run interaction among variables, respectively. Engle and Granger (1987) 
where ∆ is the first difference operator; the autoregression lag length, p, is determined by the Schwarz information criterion (SIC), Akaike information criterion (AIC) and Hannan-Quinn (HQ) criterion and is set equal to 1; µ is a random error term; ect is the error correction term derived from the long-run relationship of Eq. (1).
Insert Table 3 Here
Granger causality test results are reported in Table 3 . It shows that the error correction term is statistically significant at the 1% significance level only for the equations of CO 2 emissions and agricultural value added. We have short and long-run bidirectional causality between AVA and emissions. Thus, any change in agricultural production has an immediate effect on CO 2 emissions because the agricultural sector uses intensively fossil energy. This result is similar to that of Ben Jebli and Ben Youssef (2015b). There is short and long-run unidirectional causality running from renewable energy consumption to agriculture. This means that renewable energy use can stimulate agricultural value added even in the short-run.
This result is different from that of Ben Jebli and Ben Youssef (2015b) as they show the absence of short-run causality between renewable energy and agriculture for the case of Tunisia, while in the long-run they find bidirectional causality.
In addition, there is a short-run causality running from AVA to GDP, and a long-run causality running from output to agriculture. This means that an increase in agricultural production has an immediate impact on economic growth and that, in the long-run, economic growth can help the development of the agricultural sector through increasing investment possibilities for instance. This result is different from that of Chebbi (2010a) showing a shortrun unidirectional causality running from the non-manufacturing sector to agricultural GDP in Tunisia. A long-run causality running from renewable energy to emissions is also found meaning that, for this panel of countries any change in renewable energy consumption will affect CO 2 emissions in the long-run. Lastly, we find a short-run causality running from output to renewable energy meaning that economic growth needs renewable energy for producing goods and services.
Long-run estimates
The long-run estimates of Eq. (1) have been computed using ordinary least squares (OLS), fully modified OLS (FMOLS), and dynamic OLS (DOLS) techniques. It has been proved that the FMOLS and DOLS techniques, developed by Pedroni (2001 Pedroni ( , 2004 , are more powerful than the OLS technique because they correct for endogeneity and serial correlation problems.
Insert Table 4 Here Table 4 reports the results from OLS, FMOLS and DOLS long-run estimates. We observe that the estimated coefficients are statistically significant at the 1%. The three techniques provide very similar results in terms of sign, magnitude, and statistical significance. With the FMOLS approach: a 1% increase in GDP increases emissions by 1.55%, a 1% increase in renewable energy increases emissions by 0.19%, and a 1% increase in AVA reduces emissions by 0.93%. Therefore, increasing output increases CO 2 emissions in the long-run because economic growth still needs intensively fossil energy for producing goods and services. This result is similar to that of Apergis et al. (2010) . We show that increasing renewable energy consumption increases CO 2 emissions in the long-run for this panel of countries. This is due to the fact that the renewable energy we have considered in our data contains all types of renewable sources among which combustible renewable and waste which are not ''clean'' resources but nevertheless pollute less than fossil energy. This result is similar to those of Apergis et al. (2010) and Ben Jebli et al. (2015) . However, it differs from that of Ben Jebli and Ben Youssef (2015b) for the case of Tunisia.
Interestingly, increasing agricultural value added reduces CO 2 emissions in the long-run.
This may be due to the fact that the agricultural sector for this panel of countries is less polluting that the other sectors such as manufacturing and transport. This result is similar to that reached by Rafiq et al. (2015) for a panel of 53 countries, and differs from that of Ben Jebli and Ben Youssef (2015b) for the case of Tunisia. Our Granger causality results show the existence of a short and long-run unidirectional causality running from renewable energy to agriculture indicating the important role played by renewable energy in improving agricultural production. This finding is interesting because this study is the first that tries to investigate the dynamic linkages between renewable energy consumption and agriculture in North Africa. In addition, we have short and long-run bidirectional causalities between agricultural value added and CO 2 emissions implying that agriculture has an impact on emissions. The existence of a short-run unidirectional causality running from agriculture to GDP explains the important role played by the agricultural sector in pushing economic growth in this region. Moreover, GDP increase has an impact on agricultural value added in the long-run through increasing investment possibilities in the agricultural sector generated by economic growth. In the short-run, there is a unidirectional causality running from economic growth to renewable energy consumption, and there is a long-run unidirectional causality from renewable energy to emissions. Thus, encouraging renewable energy use has an impact on CO 2 emissions in the long-run.
Conclusion and policy implication
Our long-run parameter estimates show that economic growth increases carbon dioxide emissions because economic growth still uses intensively fossil energy for goods and services production. The increase in renewable energy consumption also increase emissions in the long-run because the renewable energy we have considered in our data comprises all types of renewable sources among which combustible renewable and waste which are not ''clean'' resources but nevertheless pollute less than fossil energy. In addition, combustible renewable and waste represent an important proportion 2 with respect to renewable energy for this panel of countries. In the long-run, the increase in agricultural value added reduces CO 2 emissions for this panel of countries. This interesting result may be due to the fact that the agricultural sector in this region is less polluting that the other sectors such as manufacturing and transport. Given our econometric results, we recommend that encouraging renewable energy using in North Africa region, and particularly the use of clean renewable energy such as solar or wind, can stimulate agricultural production and at the same time contribute to combat global warming by reducing carbon dioxide emissions. (0.0000)*** (0.0000)*** (0.0000)*** (0.0000)*** Null hypothesis: Unit root. *** indicates statistical significance at the 1% significance level. 
